Conditions optimal for the transformation of Pseudomonas putida and E. coli with a drug-resistance factor (RP 1) DNA, which specifies resistance to carbenicillin, tetracycline, kanamycin, and neomycin, are described. The transformants retain all the fertility, incompatibility, and drug-resistance characteristics present in the parent. Covalently-closed circular molecules of almost identical contour lengths have been isolated from the parent and the transformants. The harvested by centrifugation, and resuspended in 48 ml of cold 25% sucrose in 0.05 M Tris-HCI, pH 8.0. Lysozyme (7.9 ml), freshly prepared at 10 mg/ml in 0.25 M Tris-HCl buffer, pH 8.0, was added, and the mixture was kept on a slow shaker at 320 for 30 min. The cells were then placed in ice for 5 min, and 26 ml of 0.25 M disodium EDTA, pH 8.0, were added. The mixture was kept in the cold for 5 min; then 54 ml of a solution containing 2% Sarkosyl NL 97 in 0.05 M Tris-HCl (pH 8.0) and 62.5 mM disodium EDTA was added. The mixture was shaken gently for about 15 min.
and Staphylococcus aureus (4) . Controlled shearing of the plasmid DNA and their subsequent introduction by transformation inside E. coli cells have produced biologically functional plasmids, which are shorter than the original plasmid and retain only a limited number of endonuclease Eco RIsensitive sites (2) . Such small replicons have been very useful in constructing recombinant DNA molecules where the DNA could be of prokaryotic or eukaryotic origin (5, 6) . Since a genetic transformation system is unknown in Pseudomonas, we were interested in developing a transformation system with plasmid DNA similar to those described in E. coli and S. aureus. In this report, we present data which suggest that isolated RP 1 DNA can be used to transform both P. putida and E. coli strains to drug-resistance characters. Shearing of the RP 1 DNA in vitro and introduction of such sheared fragments by transformation leads to the production of transformants that exhibit a spectrum of antibiotic-resistance characters.
MATERIALS AND METHODS Bacterial Strains. The propagation and cultural conditions of the bacterial strains have already been described (7) . Strains, their origin, and derivation are listed in Table 1 .
Transformation Procedure. The transformation procedure is essentially as described by Cohen et al. (1) . The cells of P. putida AC 12 or AC 13 and E. coli AC 80 were grown overnight in L broth at 320 on a shaker. A portion (0.5 ml) of such a culture was reinoculated in 10 ml of fresh L broth and grown for 3-4 hr up to a cell density of about 109/ml. The cells were then chilled, harvested by centrifugation, and washed once with half the original volume of 10 For removal of the bulk of chromosomal DNA, cold NaCl (5 M) was added to a final concentration of 1 M. The mixture was kept at 40 for at least 1 hr. The crude lysate was then centrifuged at 17,000 rpm in a Sorvall SS-34 rotor for 30 min at 4°. After centrifugation, 30 ml of the supernatant was layered over a 3-ml saturated CsCl cushion (61.7% w/w CsCl). The lysate was then centrifuged at 15,000 rpm for [16] [17] [18] hr in a Spinco type 30 rotor, and the lowest 8 ml from each tube was collected and pooled.
The pooled lysate was then filtered through glass wool and ethidium bromide, 10 Davis et al. (9) , stained with uranyl acetate, and rotary shad- (10) .
The ability of P. putida and E. coli cells to be trans- 13 and E. coli AC 80 were treated with different concentrations of CaCl2, as specified. After a heat pulse at 420 with RP 1 DNA (8.6 Mg/ml), the cells were diluted in L broth and grown for 16 hr at 32°. The cultures were then diluted and aliquots were plated on nutrient agar for determination of cell survival, while samples were also plated on nutrient agar containing carbenicillin (500 Mg/ml) and tetracycline (25 gg/ml) for scoring transformants. Cells of CaCl2-treated P. putida AC 13 were mixed with RP 1 DNA (8.6 ug/ml) and diluted in L broth. The cells were allowed to grow with shaking at 320, and 0.1-ml aliquots were plated on multiple antibiotic supplemented plates at different growth periods as indicated.
Transformation of P. putida with RP 1 DNA sheared in vitro
In an attempt to see if shortened plasmids containing limited number of antibiotic-resistance genes can be obtained by transformation, RP 1 DNA was sheared by agitation in a Waring blendor for various periods of time up to 30 min. The entire operation was done in the cold, and blending was carried on for 10-min periods with 5-min intervals in between. An aliquot was taken before blending to serve as a nonsheared control. Sheared as well as nonsheared DNA preparations were used to transform AC 13 cells, and after overnight growth in antibiotic-free medium the cells were diluted and plated on nutrient agar plates containing either carbenicillin (1 mg/ml) or neomycin (501Ag/ml), kanamycin (50 ttg/ml), or tetracycline (50,gg/ml). Single colonies from individual plates were spotted on individual antibiotic-containing plates to score for the resistance pattern of individual colonies. Results in Table 5 indicate that selection on a carbenicillin plate produces transformants that show a variety of resistance patterns. The majority of the colonies retain the resistance to all the antibiotics, but a substantial number (about 40%) also seem to have lost resistance to tetracycline, kanamycin, or neomycin. The phenotypes of these transformants were CbJTcsKmsNms or CbrTcrKmsNms, or CbrTcrNmrKms. It is possible to isolate these variant transformants even when RP 1 DNA is not sheared, but the frequency is usually much lower (about 5-6%). The isolation of a transformant that shows resistance to neomycin but sensitivity toward kanamycin is interesting since it is generally assumed that resistance to these two antibiotics is mediated by a common phosphorylating enzyme (11, 12) , and hence a single gene might be involved in the inactivation of kanamycin and neomycin. It is also interesting to note that selection of transformants on media containing single antibiotics, such as kanamycin, neomycin, or tetracycline showed more or less uniform distribution of antibiotic resistance patterns. In a few cases, selection on tetracycline produced transformants that showed resistance to tetracycline, but almost no resistance to carbenicillin, neomycin, or kanamycin, but such colonies were very unstable and segregated Tcr character rapidly to become fully sensitive.
Nature of the transformants
The transformation frequency is drastically reduced (100-fold to 1000-fold) if the RP 1 DNA is treated with DNase, or denatured by heating at 950 for 5 min and rapidly cooling to 0°. Sonication for 60 sec of RP 1 DNA also reduced the frequency by about 100-fold. In contrast, treatment with Pronase had no effect on the frequency of transformation. As indicated in Table 1 , we have designated RP 1 variant plasmids that show altered resistance patterns as pAC 1, pAC 2, and pAC 3 plasmids. As may be seen from the results in Table 6 , transformants that exhibit resistance to all the four antibiotics behave exactly like the parent P. putida strain, Table 3 , except that CaCl2 concentration was 25 mM for E. coli and 100 mM for P. putida. contour length around 16.8 ,gm (Fig. 2b) . The implication of a slight shortening in the contour length of RP 1 obtained from the transformants is not clear. Results in Table 7 indicate that both P. putida and E. coli cells can be transformed by RP 1 and pAC 1 DNA and the antibiotic-resistance patterns are characteristic of the parent plasmids.
Since RP 1 is known to be a promiscuous plasmid, having a wide range of hosts, it would be interesting to find out if such RP 1 DNA mediated transformations to drug-resistance characters could also be extended to a wide variety of bacterial strains known to be capable of accepting and maintaining this plasmid.
DISCUSSION
The use of RP 1 DNA in transforming cells of P. putida, as well as E. coli, to those having drug-resistant characters specified by RP 1 might facilitate the mapping of drug-resistance genes on the plasmid or in constructing a molecular vehicle in P. putida, as well as in E. coli, for introduction of foreign DNA to such cells (3, 6 (16) . In contrast to pAC 1, RPl-1 is transmissible among P. aeruginosa, but is nontransmissible to E. coli except at a very low frequency. When transferred in E. coli, the carbenicillin-resistance gene seems to undergo recombination with E. coli chromosome to become stably integrated (12) . Hedges and Jacob (14) have also shown that the RP 
